Objective: We sought to determine when rates of maternal pregnancy complications increase for low-risk nulliparous and multiparous women at term.
Introduction
Post-term pregnancy has been defined for more than two decades as a pregnancy that persists beyond 294 days or 42 weeks of gestation. 1 The post-term pregnancy, which occurs among <5% of gravidas 2 has been associated with an increased perinatal mortality rate. [3] [4] [5] Perinatal morbidity has also been noted to be higher in post-term pregnancies including meconium-stained amniotic fluid and meconium aspiration syndrome, 6 oligohydramnios, 7 macrosomia, 8, 9 fetal birth injury, 10 rates of fetal distress in labor, 11 and rates of cesarean delivery. 5, 12 While it is well established that these risks are increased in post-term pregnancy, what has received less attention is whether and to what extent these risks increase before 42 weeks' gestation.
Most studies have examined the rates of perinatal complications in a dichotomous fashion comparing patients below and beyond a particular gestational age threshold. A more important, clinical question is what are the rates of complications at any given week of gestation as compared to the next week of gestation? By examining rates of complications by week of gestation, it was previously demonstrated at a community hospital that the rates of meconiumstained amniotic fluid, operative vaginal delivery, severe maternal perineal lacerations, and primary cesarean delivery all increased before 42 weeks of gestation. 13 Further, when short-term neonatal complications were examined at a tertiary academic center, it was found that neonatal pH<7.0, base excess <À12 and 5 min Apgar score <7 all increased before 42 weeks of gestation.
14 No study has examined whether these complications increase in a similar fashion among subgroups of nulliparous and multiparous women.
The questions remain: How does perinatal morbidity change throughout the 5 weeks of 'term' gestation (37 to 42 weeks) and are the trends in morbidity and mode of delivery different for nulliparous and multiparous women? Given these questions, we proposed to examine the rates of maternal obstetric outcomes and complications by week of gestation in these two subgroups of women.
Methods
We designed a retrospective cohort study that included all women delivered from 1976 to 2001 at the University of California, San Francisco after obtaining IRB approval. The obstetric service at UCSF is run collaboratively by OB/Gyn residents, certified nurse midwives, and attending obstetricians. Women were eligible for inclusion in our study if they delivered a singleton, cephalic live birth beyond 37 weeks of gestation during the study period. In order to obtain a relatively low-risk population, exclusion criteria included chronic hypertension, preeclampsia, pre-existing or gestational diabetes, placenta previa, multiple gestation, non-vertex presentation, and fetal anomalies. All data were then entered into a STATA v.7 data set (Stata Corp, College Station, TX, USA).
We examined each week of gestation in association with the following outcomes: mode of delivery, length of the second stage of labor, third-or fourth-degree perineal lacerations, postpartum hemorrhage (PPH), chorioamnionitis, and postpartum endomyometritis. These particular outcomes were chosen because of both existing evidence of their association with post-term pregnancies as well as biological plausibility associating post-term pregnancies and the outcome. Further exclusion criteria were utilized for some of these outcomes: patients with a prior cesarean were excluded when examining mode of delivery, and cesarean delivery prior to the onset of labor was excluded when examining length of labor. Additionally, rates of perineal laceration and operative vaginal delivery were only examined among women who underwent a vaginal birth. Statistical comparisons of proportions were made with the w 2 test and were deemed statistically significant if P<0.05.
The overall population was then divided into two groups, nulliparas and multiparas, and the rates of cesarean delivery, operative vaginal delivery, length of first and second stage of labor, and third-or fourth-degree perineal lacerations were examined within each subgroup. Finally, multivariate analysis was utilized to control for potential confounding. In addition to the outcome variables of interest, the following potential confounders were controlled for in multivariate logistic regression models: maternal age, ethnicity, education, insurance status, parity, length of labor, induction of labor, augmentation of labor, episiotomy use, birthweight, type of anesthesia, and year of delivery. Maternal age and birthweight were noted to affect the outcomes of interest in a continuous fashion and thus were entered into the models in continuous form. Goodness of fit for the multivariate models was examined with the Hosmer-Lemeshow w 2 test.
Results
During the study period, there were 36 947 women who delivered at 37 completed weeks of gestation or beyond. We excluded 4119 (11.6%) patients who fell into one of the high-risk groups (e.g. preeclampsia, diabetes, collagen vascular disease, prior cesarean delivery, placenta previa), were non-cephalic, or had a multiple gestation. This left 32 828 low-risk patients for analysis. These patients were ethnically diverse, and relatively well-educated as indicated by the 51.5% who had completed two or more years of college (Table 1) . When the rate of primary cesarean was examined for the group as a whole by increasing week of gestation, there was a significant increase from 10.4% at 40 weeks to 14.1% at 41 weeks (P<0.001). The rate of primary cesarean increased to 18.1% among pregnancies beyond 42 weeks of gestation (Table 2 ). When the rate of primary cesarean was examined just among women in spontaneous labor, similar significant increases were seen between 40 (9.5%), 41 (12.6%), and 42 (14.9%) weeks gestation. The rate of operative vaginal delivery increased every week beyond 38 weeks gestation from 14.0% at 38 weeks to 20.2% at 42 weeks gestation (P<0.001). When the rate of third-or fourth-degree perineal lacerations was examined, rates increased significantly from 39 to 40 weeks of gestation (9.4 to 10.8%, P<0.05) and from 40 to 41 weeks of gestation (10.8 to 12.0%, P<0.05).
To examine whether these rates changed differently among nulliparous and multiparous women, these same analyses were performed among these two subgroups. Among nulliparas, comparing 39 to 40 weeks of gestation, the rates of primary cesarean (11.4 to 14.2%, P<0.05)), primary cesarean among women in spontaneous labor (10.8 to 13.2%, P<0.05), the rate of operative vaginal delivery (21.9 to 23.1%, P<0.05) and third-and fourth-degree lacerations (15.2 to 17.4%, P<0.05) all increased ( Table 3 ). The proportion of women with a second stage of labor longer than 4 h increased from 6.4% at 38 weeks to 7.9% at 39 weeks (P<0.05) and stayed at approximately 8% thereafter. Among multiparas, the increases generally began later in gestation and were not as large (Table 4) . The rates of primary cesarean overall and in spontaneous labor both increased from 40 to 41 weeks of gestation. The rate of operative vaginal delivery increased slightly from 39 to 40 weeks and then again from 41 to 42 weeks of gestation. The rates of second stage of labor longer than 4 h and perineal lacerations increased slightly with gestational age, but did not reach statistical significance. When the rates of other maternal complications of labor and delivery were examined by week of gestation, we found several statistically significant increases. The rate of chorioamnionitis was increased among women delivering at 39 weeks (5.2%) as compared to 38 weeks (4.1%) and continued to increase to 6.0% at 40 weeks and 7.7% at 41 weeks of gestation (Table 5 ). The rates of postpartum hemorrhage, severe postpartum hemorrhage, and endomyometritis did not increase until patients at 41 weeks were compared to those at 40 weeks of gestation. When both the mode of delivery as well as the rates of perinatal complications were examined controlling for potential confounders using multivariate logistic regression, the differences exhibited in the univariate analyses generally persisted ( Table 6 ). The rates of both primary cesarean and operative vaginal delivery increased at 40 weeks of gestation and beyond. In addition, third-or fourthdegree lacerations and chorioamnionitis both increased at 40 weeks as compared to 39 weeks of gestation. However, the rate of primary cesarean delivery in the setting of spontaneous labor and postpartum hemorrhage did not increase until 41 weeks of gestation, and the rates of endomyometritis did not exhibit an increase until 42 weeks of gestation.
Discussion
We found that the rates of cesarean delivery, operative vaginal delivery, and a number of maternal complications of labor and delivery increased significantly prior to 42 weeks of gestation among a cohort of women who received collaborative care by obstetric residents, obstetricians, and certified nurse midwives. These increases, which occurred beyond 39 weeks (primary cesarean delivery, operative vaginal delivery, third-or fourth-degree perineal lacerations and chorioamnionitis) or 40 weeks (primary cesarean in spontaneous labor and postpartum hemorrhage), persisted when controlling for potential confounders. When we examined these rates of complications by parity, we found that the increases generally occurred sooner and were greater among nulliparas than multiparas.
The designation of post-term pregnancy as those pregnancies which persist beyond 42 weeks of gestation or 294 days has existed for more than 25 years 1 and was reiterated in a recent ACOG Technical Bulletin. 15 There is, however, growing evidence that certain maternal and neonatal complications increase prior to 42 weeks of gestation. We may have reason to reconsider the threshold of clinical concern and to reevaluate where the risk of perinatal morbidity and mortality of pregnancy and the risks associated with induction intersect. Since the initial definition of 42 weeks was created, both improved dating of pregnancies and more effective, less cumbersome, methods of induction with cervical ripening have served to further blur the tradeoffs between watchful waiting and the appropriate use of interventions and technology.
In light of our results and with the concern surrounding the increasing rates of cesarean deliveries it is interesting to consider whether earlier intervention could actually reduce the cesarean rate Analyses of third-or fourth-degree laceration and operative vaginal delivery excluded women who had a cesarean delivery. Abbrevation: CI, confidence interval; GA; gestational age. a Each outcome was examined in a separate multivariate analysis and compared to pregnancies delivered at 39 weeks gestation, controlling for maternal demographics, parity, length of labor, induction, augmentation, use of epidural, birthweight, year of delivery and mode of delivery (except for C/S and operative vaginal delivery). b Third-or fourth-degree lacerations also controlled for episiotomy use.
in this population. Certainly, the clinical evidence supporting induction of labor at 41 weeks of gestation [16] [17] [18] and even earlier among certain subgroups 19 is favorable with an increasing number of studies that suggest that the rates of cesarean delivery are similar between induction and expectant management with improved dating criteria. 20, 21 On the other hand, we found the increase in cesareans by gestational age to be greatest among nulliparous women, a group for whom induction has been associated with an increase in cesarean deliveries. 22, 23 Some of the other findings of rates of change of maternal complications (chorioamnionitis, hemorrhage), while statistically significant are small and may be seen by clinicians and/or clients as clinically less significant. While perhaps not compelling in themselves they suggest a general trend of increasing morbidity for otherwise healthy women at term. These trends, when combined with the neonatal findings, represent a degree of perinatal morbidity that we could aim to reduce. As with the consideration of any intervention, the risks of expectant management need to be balanced against that of the intervention. The threshold of 42 weeks has been questioned 24 and at the very least requires close consideration given that multiple studies find a lower rate of cesarean delivery from induction of labor at 41 weeks of gestation.
There are limitations inherent in any retrospective cohort study. Our study may have unidentified potential confounders that could vary between the different gestational ages. We attempted to control for identifiable confounders such as differences in maternal demographics, medical history and obstetric management. Regardless of these attempts to address confounding, we cannot ignore possible bias by practitioners towards women at particular gestational ages. However, we think it unlikely that such bias may exist as early as 40 weeks of gestation, given the current definition of post-term pregnancy being 42 weeks of gestation and beyond. Another possible bias is that the actual dating of pregnancies may differ from that recorded. It has been noted that more pregnancies are misdated prolonged than foreshortened because of the use of last menstrual period dating which tends to bias in the former direction. 2 However, the correction of this bias would only augment the differences we found which increased with increasing gestational age. There also maybe problems with the data in terms of underreporting of complications. While this would generally lead to a bias towards the null, we further doubt that this problem would occur with respect to mode of delivery, which is a very reliable variable. Generalizability from our academic practice in the Bay Area to other practice settings need always be considered, but we generally serve a racially/ethnically and socioeconomically diverse population that represents many aspects of the broader population in the US.
Given these theoretic limitations, we believe that we offer further evidence that the management of post-term pregnancy and what is designated as post-term pregnancy needs to be readdressed. Further research is needed to gather prospective data and to continue to refine the risks posed to mothers and babies as they pass their due date. At the same time additional research on the risks and costs of increasing the prevalence of induction of labor will help in our efforts to appropriately counsel and support management decisions. As technology continues to change, risk and benefits will require ongoing reassessment.
